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1571 ABSTRACT 
A cable tester is described for low frequency testing of a 
cable for faults. The tester allows for testing a cable beyond 
a point where a signal conditioner is installed, minimizing 
the number of connections which have to be disconnected. 
A magnetic pickup coil is described for detecting a test 
signal injected into the cable. A narrow bandpass filter is 
described for increasing detection of the test signal. The 
bandpass filter reduces noise so that a high gain amplifier 
provided for detecting a test signal is not completely saturate 
by noise. To further increase the accuracy of the cable tester, 
processing gain is achieved by comparing the signal from 
the amplifier with at least one reference signal emulating the 
low frequency input signal injected into the cable. Different 
processing techniques are described evaluating a detected 
signal. 
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NON-INTRUSIVE CABLE TESTER 
OFUGIN OF THE INVENTION 
The invention described herein was made in the perfor- 
mance of work under a NASA contract and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42 
U.S.C. 2457) 
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which will be understood by reading and studying the 
following specification. A cable tester is described which 
uses a bandpass filter with a very narrow bandwidth to 
eliminate noise, and a signal detector to detect a test signal. 
In particular, the present invention describes a cable tester 
comprising a low frequency signal generator for providing 
an input signal to one end of a cable under test and having 
a frequency X. and a sensor for sensing signals radiated 
5 
along a length of the cable under test and providing a first 
lo output signal. A banbass filter having a narrow bandwidth TECHNICAL FIELD OF THE INVENTION 
The present invention relates in  general to a method and 
apparatus for determining a location of a short circuit or an 
open circuit in an electrical cable. 
BACKGROUND OF THE LNVENTION 
and hav& a center frequency substantidy T a l  to fre- 
quency x is Provided. The bandpass filter is coupled to the 
sensor for eliminating noise signals detected by the sensor 
and providing a second output signal. The cable tester also 
15 comprises a signal detector coupled to receive the second 
output signal from the bandpass filter. The signal detector 
processes the second Output signal for detecting a compo- 
nent Of the input signal having a 
The space shuttle uses dedicated signal conditioners 
(DSCs) for the purpose of conditioning transducer outputs 
and other signals to make them compatible with orbiter 
telemetry. displays and data processing systems. The dedi- In another embodiment. a method of detecting a fault in 
cated signal conditioners are located throughout the orbiter, 2o a cable is described. The method comprises the steps of 
often in diEcult to access locations in the vehicle fuselage. coupling a low frequency input signal to one end of a cable 
When troubleshooting a potential instrumentation problem. under test, transmitting the low frequency input signal along 
personnel frequently have to demate cables to verify that the a length of the cable, detecting a signal along the length of 
cables are not the source of the problem. However. once a the cable, and filtering the detected signal with a narrow 
cable is &mated, all dedicated signal conditioners and other 25 bandpass filter centered around a frequency of the low 
systems which have a wire passing through the cable's frequency input signal. The method also cowrkes the steps 
connector have to be re-tested after the cable is Of amplifying an output signal of the narrow bandpass filter. 
re-connected. Due to their inaccessibility, the dedicated and processing the amplified output signal to detect a signal 
signal conditioners sometimes have to be removed in order -- corresponding to the low frequency input signal. 
x. 
to-check them. This results in many man hours of jU 
re-validation testing on systems that were unrelated to the BRIEF D E S C m O N  OF THE DRAWINGS 
original Problem. The cost to the shuttle Program for these 
re-testing procedures is exorbitant. A system which allows 
cable continuity to be checked non-intrusively without 35 
&mating the cables would therefore save many hours of DETAlLED DESCFWI'ION OF THE 
testing and substantially reduce testing costs. INVENTION 
One known technique for non-intrusively checking cable In the following detailed &scription of the preferred 
an&"@ is time d0-n refledomem WR). In time embodiments. reference is made to the accompanying draw- 
domain reflectometry. a high frequency Pulse is injected into 40 ings which form a part hereof, and in which is shown by way 
one end of the cable. A discontinuity in the cable causes a of illustration specific preferred embodiments in which the 
reflection of the pulse that can be detected back at the end inventions m y  be practiced. These embodiments are 
where the p U k  was injected. The location Of this disconti- described in s ac i en t  detail to enable those slr&-d in the art 
nuiq can be detmnhed by the time interval to practice the invention. and it is to be understood that other 
between when the pulse was injected into the cable. and 45 embodiments m y  be utilized and that logical, mechanical 
when the reflected pulse is detected. Also. the polarity Of the and electrical changes may be ma& without departing from 
reflected puke is indicative Of whether the discontinuity is a the spirit and scope of the present inventions. The following 
short circuit or an open circuit. detailed description is. therefore, not to be taken in a limiting 
Unfortunately. time domain reflectometry is not feasible sense, and the scope of the present invention is defined only 
for detecting cable faults in the space shuttle. This is because 50 by the appended claims. 
time domain reflectomebry USeS high frtxpenCieS which are As described herein, the continuity of a cable can be 
above a frequency Cut-Off Of the dedicated signal condition- tested non-inhsively by applying a test signal to one end of 
Further- the faults are typically only a few meters Or less the cable and using a magnetic pickup coil to monitor the 
from the injection Point. and time domain reflectometry is presence of that signal along the length of the wire. A short 
ineffective at these distances due to the extreme short total 55 or to lose the test 
trawl time (e&. a few nanoseconds) Of high frequency signal when the coil moves past the open or short circuit. 
pulse. Thus. the absence of a signal indicates the location of the 
For the reasons stated above. and for other reasons stated problem. Existing commercial cable testing equipment 
below which will become apparent to those skilled in the art injects a signal in the several hundreds of kilohertz range. 
upon reading and understanding the present specification, 60 The use of such commercial equipment is not feasible when 
there is a need in the art for non-intrusive cable testing the dedicated signal conditioners are installed, since their 
technique which provides the accuracy necessary for use in frequency response is limited to a few tens of Hertz and such 
the space shuttle environment. and the like. a high frequency would be severely attenuated by them. The 
presence of the dedicated signal conditioners makes impera- 
65 tive the use of a low frequency injection signal. This results SUMMARY OF THE INVENTION 
The above mentioned problems with testing cables and in two major challenges. The first challenge is that the 
other problems are addressed by the present invention and amount of energy radiated by a shielded cable is greatly 
FIG. 1. is a block diagram of a cable tester of the present 
invention. 
open circuit causes the pickup 
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reduced at lower frequencies since the shielding becomes width is sufficiently narrow to eliminate the majority of 
almost 100% efficient. Second. the effectiveness of a pickup noise contributions to the signal. A “narrow bandwidth”. as 
coil when subject to a varying magnetic field is directly described herein, is preferably less than 0.5 Hz. Because the 
proportional to the frequency of the signal being picked up. signal provided along the length of the cable and detected by 
These two challenges are overcome by using a cable tester 5 the coil is  extremely small, often having an amplitude 
having an operational frequency which is less than a cut-off smaller than a fraction of a microvolt. a high gain amplifier 
frequency of installed dedicated signal conditioners. and 116 is provided. The high gain amplifier provides a gain of 
includes a very narrow bandpass filter followed by a high aPPrO&telY 60 to 100 but Can be adjusted based upon 
gain amplifier stage. Referring to FIG. 1, a cable or con- the Signal detected by the coil and the detection circuitry 
ductor testing system 100 is described in greater detail. The Provided An injection frequency of 10 Hz was selected in 
system is used to detect a fault (short or open circuit) along Order to ensure at the signal applied to one end Of the cable 
the length of a cable 102, such as a coaxial cable or other could pass through the dedicated signal conditioners. Since 
conductor. The cable, as described above, can be located in the frequency Of operation is relatively small. a high gain 
a space shuttle, an aerospace application, aircraft, factories, amplification stage must be used to detect the S m a l l  signal 
or the like where low frequency a-unication is con- 15 radiated by the cable. The amount of noise applied to the 
ducted. For example, in a space shuttle the cable is used to amplifier’s input is directly PrOPoAonal to the bandwidth of 
connect a transducer 108 to a dedicated signal conditioner the filter Heceding it. 
106. The dedicated signal conditioner is an amplifier typi- The output of the high gain amplifier is provided to a 
cally provided to process a signal transmitted by the trans- signal detector 120 and an optional oscilloscope 118. The 
ducer to make this signal compatible with other telemetry, 2o oscilloscope is provided to allow a user to visually monitor 
displays or processing systems (not shown). The cable tester the signal detected from the pickup coil and filtered by the 
includes an input oscillator 110 which generates a signal bandpass filter. The signal detector, in one embodiment. can 
having a low center frequency. This center frequency in one be a voltage detector 128 for monitoring the root mean 
embodiment is 10 Hz. The 10 Hz injected signal is derived square (RMS) of the signal. The output from the signal 
from a crystal-controlled time base. thus ensuring its stabil- 25 detector is then displayed on a display 122. 
ity over time. Frequency stability is extremely important Because electromagnetic noise is present in most 
since a large frequency drift could put the injected signal environments, and the cable 102 can be located in a bundle 
outside the bandpass range of the amplifier. The output from of cables, the level of 10 Hz signal emanating from the cable 
the oscillator 110 is amplified by amplifieddriver 112 for may be less than the noise level. While the bandpass filter 
inputting into one end of the cable. The amplifier/driver is 30 114 eliminates the majority of the noise detected by the 
designed to provide an adequate signal along the length of pickup coil, noise remaining within the narrow region of the 
the cable being tested. Further, it will be appreciated by bandpass filter will still reach the signal detector. The signal 
those skilled in the art that other low frequency signals can detector. therefore. can be configured as a digital quadrature 
be injected into the cable without departing from the present detector 124. Both the internal thermal noise of the amplifier 
invention. Thus, the input signal is not limited to 10 Hz. but 35 and the background electromagnetic noise can overshadow 
can be any frequency compatible with installed signal con- the signal, making it indistinguishable from noise. 
ditioners and is preferably less than 50 Hz in a space shuttle The digital quadrature detector, in essence. compares the 
application. detected signal with a reference signal to eliminate the noise 
A magnetic pickup coil 104 is used to detect the input component. The signal detector can comprise an analog to 
signal along the length of the cable. The pickup coil, as 40 digital converter 126 for digitizing the amplified output 
known to those skilled in the art, detects magnetic fields signal. The reference signal emulates the 10 Hz input signal. 
produced by signals t ransmi t ted through the cable. Com- By comparing the input test signal with the detected output 
mercially available coils are designed to allow the coil to be signal. the accuracy of the cable tester is increased. For 
placed around the cable even when an end of the cable is not comparing the signals, the reference signal and the detected 
accessible. It is anticipated that the pickup coil is initially 45 signal are multiplied together and their product is integrated 
placed near the transducer 108 and incrementally moved over a given period of time. If the signals are the same 
toward the oscillator 110 to sample signals along the cable. frequency and phase. the additive nature of the integration 
When the input signal is detected, the location of the fault will result in  a positive, or DC value. If the signals are 
present in the cable is indicated as being between the last different &e. detected noise), the integration of the detected 
two sample regions. It will be appreciated, that the entire 50 signal will be subtractive in nature, thus the integrated value 
length of the cable will not be accessible and that the pickup will approach zero. 
coil may have to be removed from the cable to relocate for The digital quadrature detector 124 can be used to 
sampling during operation. Minimizing the cable distance increase the detection sensitivity of the cable tester circuitry 
covered between sample readings will more accurately through processing gain. Electronic components. both active 
pinpoint the location of the fault. 55 i n  passive. generate wideband noise. This can cause the 
The output from the magnetic pickup coil is passed amplifier described above to output a signal centered around 
through a narrow bandpass filter 114 to eliminate noise 10 Hz even when a signal has not been injected into the cable 
detected by the coil. As described herein, the bandpass filter under test. Although the 10 Hz signal produced by internal 
is very narrow and two embodiments of the filter have been noise will be relatively small, it can make detection of a real 
tested. The first embodiment is a 16th order bandpass filter, 60 test signal more =cult. The quadrature detector accurately 
with a 0.05 Hz bandwidth at a 10 Hz center frequency. In a detects the presence of an injected signal even when the 
second embodiment, an 8th order bandpass filter is used signal to noise ratio is much smaller than unity. The quadra- 
having a 0.1 Hz bandwidth at a 10 Hz center frequency. The ture detector operates based on the fact that the time integral 
center frequency of the bandpass filter is also crystal con- of random noise is equal to zero as the time (t) approaches 
trolled to prevent any drifts that would result in a degrada- 65 infinity. Also. the time integral of the multiplication of 
tion in the performance of the sensor. It will be appreciated identical sine waves results in a DC component, while the 
that other bandpass filters can be used. provided the band- time integral of two identical sine waves, but 90 degrees out 
5,894,223 
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of phase. is equal to zero. The signal available at the output 
of the high gain amplifier 116 can be digitized using an A/D 
converter. provided in the detector 120, for digital process- 
ing and comparison with reference digitized signals. 
When a signal with known frequency and phase is mixed 
with noise, it’s presence can be detected using a quadrature 
demodulator. Since the test signal is applied at the end of the 
cable, and the pickup coil can be used anywhere along the 
length of the cable, the use of a common signal generator 
between the input and detector becomes impractical. This is 
further complicated by the fact that the pickup coil and the 
narrow bandpass introduce additional phase shifts. To avoid 
this problem. in one embodiment, the quadrature demodu- 
lator includes a pair of digital multipliers operating at the 
same frequency as the signal being observed (10 Hz). One 
of the digital multipliers has the same phase as a signal of 
interest (I term), while the second digital multiplier is set to 
be 90 degrees out of phase (Q term). If only random noise 
is applied to the multipliers, the results will be small and 
have similar I and Q signal levels. When the signal is 
present, the result will be an I component larger than the 
Q-component. Additional processing gain can be achieved 
by increasing the integration time. Since the noise is typi- 
cally random and gaussian, increasing the integration time 
decreases its effect on the I and Q signal levels. The display. 
which can be a computer display. LCD or simple light 
indicator, is appropriately activated to indicate when a test 
signal is detected. 
In the above embodiment, the test signal received by the 
pickup coil must be in phase with the reference signal 
applied to the I-term multiplier. Since the test signal may be 
present on the cable, but out of phase, another embodiment 
is described which detects a valid test signal regardless of 
phase. In  this embodiment, the digital signal detector 120 
generates 18 sine waves with the same frequency as the test 
signal (10 Hz), but 10 degrees out of phase with respect to 
each other. Thus, 180 degrees are covered. The digital signal 
is multiplied by al l  18 sine waves. and the products of each 
are integrated over a predetermined time period. for example 
a two second period. The digital signal detector monitors the 
largest integrated output value and compares it with the 
output corresponding to the integration value for the signal 
90 degree out of phase from it. For example, if the integra- 
tion using the reference signal 60 degrees out-of-phase from 
the test signal has the highest value, it is compared to the 
integration value using the signal with a 150 degrees out- 
of-phase signal. If the ratio of these two values is larger than 
a pre-defined value (>3 for example). a signal of the correct 
frequency is considered to be present. That is. if the highest 
value is three times greater than the value which is 90 
degrees out-of-phase from it, the test signal is considered 
present. If only noise is present. the ratio will be closer to 
unity. The integration time can be extended to increase 
detection accuracy. It will be appreciated that the number of 
reference signals can be greater or smaller than 18. More 
reference signals can provide better detection, however. 
additional generators are needed. Again. the display is 
activated appropriately to indicate when a test signal is 
detected The digital detector and the display can be embod- 
ied as a computer operating according to processing 
instructions, and does not have to be dedicated circuitry. 
CONCLUSION 
The present invention described herein allows for the 
testing of a cable to be performed in  a cable beyond a point 
where a dedicated signal conditioner is installed, minimizing 
the number of connections which would otherwise have to 
6 
be disconnected. The use of a narrow bandpass filter is key 
to the performance of the circuit. Without the filter, the noise 
level would completely saturate a high gain amplifier pro- 
vided for detecting a test signal. To further increase the 
5 accuracy of the cable tester, processing gain has been 
achieved by comparing the detected signal from the ampli- 
fier with a reference signal emulating a low frequency input 
signal injected into the cable. Different processing tech- 
niques have been described for evaluating a detected signal 
against the reference signal. 
Although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skiU in the art that any arrangement which is calculated to 
achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover 
l5 any adaptations or variations of the present invention. 
Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 
10 
What is claimed is: 
1. A conductor tester comprising: 
a low frequency signal generator for providing an input 
signal to one end of a conductor under test having a 
frequency X; 
a sensor for sensing signals radiated along a length of the 
conductor under test and providing a first output signal, 
a bandpass filter having a narrow bandwidth and having 
a center frequency substantially equal to frequency X. 
and coupled to the sensor for eliminating noise signals 
detected by the sensor and providing a second output 
signal; and 
a signal detector coupled to receive the second output 
signal from the bandpass filter, the signal detector is a 
digital quadrature detector for comparing the output 
signal from the bandpass filter with at least one refer- 
ence signal of frequency X. 
2. The conductor tester of claim 1 further comprising a 
high gain amplifier coupled between the bandpass filter and 
the signal detector for amplifying the output signal from the 
bandpass filter. 
3. The conductor tester of claim 1 wherein the sensor 
4o comprises a magnetic pickup coil for detecting magnetic 
fields radiating from the conductor under test. 
4. The conductor tester of claim 1 wherein the signal 
detector comprises a voltage detector for providing an 
output voltage representing a root-mean-square (Rh4S) 
5. The conductor tester of claim 1 wherein the digital 
quadrature detector integrates a product of the reference 
signal and the output signal from the bandpass filter over a 
predetermined period of time and indicates if a resultant 
integration value exceeds a predetermined threshold level. 
6. The conductor tester of claim 1 wherein the digital 
quadrature detector comprises: 
an analog to digital convertor for digitizing the output 
signal from the bandpass filter; and 
first and second signal generators, the first signal genera- 
tor producing a first reference signal of frequency X 
which is in phase with the input signal, the second 
signal generator producing a second reference signal of 
frequency X which is 90 degrees out of phase with the 
7. The conductor tester of claim 1 wherein the digital 
an analog to digital converter for digitizing the output 
signal from the bandpass filter; and 
a plurality of signal generators for generating a plurality 
of signals each having a frequency X and staggered 
phases. 
20 
25 
30 
35 
45 value of the output signal of the bandpass filter. 
55 
60 input signal. 
quadrature detector Comprises: 
65 
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8. The conductor tester of claim 1 wherein the bandpass 
9. The conductor tester of claim 1 wherein the bandpass 
10. The conductor tester of claim 1 wherein frequency X 5 
11. A method of detecting a fault in a cable, the method 
coupling a low frequency input signal to one end of a 
filter has a bandwidth of less than 0.5 Hz. 
filter has a bandwidth of less than 0.1 Hz. 
is 10 Hz. 
comprising: 
cable under test. and transmitting the low frequency 10 
input signal along a length of the cable; 
detecting a signal along the length of the cable; 
filtering the detected signal with a narrow bandpass filter 
centered around a frequency of the low frequency input 15 
signal; 
amplifying an output signal of the narrow bandpass filter; 
generating a reference signal having a frequency and 
phase corresponding to a frequency and phase of the 
comparing the amplified output signal with the reference 
12. The method of claim 11 wherein the low frequency 
13. The method of claim 11 wherein the narrow bandpass 25 
14. The method of claim 11 wherein comparing the 
multiplying the amplified output signal with the reference 
low frequency input signal; and 20 
signal. 
input signal has a frequency of 10 Hz. 
filter has a bandwidth of less than 0.5 Hz. 
amplilied output signal comprises: 
signal integrating the multiplied signals over a pre- 30 
determined period of time; and 
pre-determined threshold level. 
determining if a resultant integration value exceeds a 
15. The method of claim 11 wherein comparing the 
amplified output signal comprises: 
8 
multiplying the amplified output signal with each of a 
integrating each of the multiplied signals over a prede- 
selecting a largest resultant integration value; and 
comparing the selected value to a predetermined value. 
16. A cable tester comprising: 
a low frequency signal generator for providing an input 
signal to one end of a cable under test having a 10 Hz 
frequency; 
a magnetic pickup coil for sensing signals radiated along 
a length of the cable under test and providing a first 
output signal; 
a bandpass filter having a bandwidth of less than 0.5 Hz 
and having a center frequency substantially equal to 10 
Hz, and coupled to the magnetic pickup coil for elimi- 
nating noise signals detected by the magnetic pickup 
coil and providing a second output signal; 
a high gain amplifier coupled to receive the second output 
signal from the bandpass filter and provide an amplilied 
output signal; 
a signal detector coupled to receive the amplified output 
signal and detect a component of the input signal 
having a 10 Hz frequency, the signal detector comprkk 
ing an analog to digital converter for digitizing the 
amplified output signal. and a plurality of signal gen- 
erators for generating a plurality of signals each having 
a 10 Hz frequency and staggered phases; and 
a display for indicating a detection of a component of the 
input signal having a 10 Hz frequency. 
plurality of reference signals; 
termined period of time; 
* * * * *  
